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. CW-EPR spectra (black) and corresponding spectral simulation (red) for a) PG6 + , b) PG7 + and c) PG8 + in solution with 16-DSA. The numbers on each spectra indicate ratio of n(DPs monomers)/n (16-DSA) in 1mwt% solution(see Table S1 for details on the calculations). Table 1 and S1 for details on the calculations). 
Table S1
Simulation parameters of 1mM concentration of 16-DSA and 1 wt% of the corresponding DPs. Spectra of 16-DSA incorporated in DPs were simulated with two spectral components (bound (slow) and unbound (fast). Abstract: Aspects of size, structural (im)perfection, inner density, and guest loading capacity of dendronized polymers (DPs) of high generation g (6≤g≤8) in aqueous solution were studied using electron paramagnetic resonance (EPR) spectroscopy on amphiphilic, spin-labeled guest molecules. The presented results show that the interior of the charged DPs is strongly polar, especially in comparison to their lower generation analogues 1-4. This is a direct sign of large amounts of water penetrating the DP surface, which in return mirrors structural imperfections and much lower than theoretically achievable segmental densities of these high generation DPs. Images obtained with atomic force microscopy (AFM) reveal that the high g DPs show no aggregation and give further insights into structural (im)perfections. EPR-spectroscopic data further show that despite their structural imperfections, these DPs can bind and release large numbers of amphiphilic molecules. It can be concluded that attention should be paid to synthesis which needs to develop a protocol that avoids the relatively large amount of defects generated in the direct conversion of PG4 to PG6 which had to be employed here.
Introduction
Dendronized polymers (DPs) merge the well-studied classes of linear polymers [1] and dendrimers [2] as they have a dendritic side groups on every monomeric unit. [3] [4] [5] [6] [7] Depending on their generation g, these side groups can assume considerable molar mass and create a dense branch work around the main chain backbone. This branch work effectively defines a cylindrical volume around the backbone which for each g lends a certain thickness to the macromolecule [8] [9] [10] that goes along with a defined "interior" and "exterior" of the DP. In addition, the main chain rigidity is tuned by g. [11] For higher g DPs the term "molecular object" was proposed. [12] DPs below the maximum generation gmax [13] [14] [15] [16] can be swollen by solvent [17] or other guest molecules. Processes derived from these interactions alter the object's dynamics as well as the overall morphology. Several structural variants of DPs have been described over the years. [18] Our laboratory has concentrated on a series of DPs with PMMA backbone and pendent amide-based dendrons (see Figure 1 for the chemical structure of the g=3 representative PG3). The thicknesses of PG1-PG6 in the unperturbed and solvent-free cylindrical states have been predicted by MD simulation to vary between D=2.3-11.8 nm. [8, 9] Experimental thickness data from scanning (SEM) and transmission (TEM) electron microscopy using individualized, dried PG2-5 chains on substrates such as mica or carbon film are in reasonable agreement. [10, 11] Diameters of charged g=1-4 DPs in aqueous medium were found to be similar to those of their dried neutral counter parts, suggesting water to be a poor solvent for the interior of DPs. [19] In a pulse electron paramagnetic resonance (EPR) study using charged, water- dendron side chains and with a positively charged periphery, i.e., ammonium-capped surface shells, are capable of incorporating even more than 2 long chain fatty acids per repeat unit. [20] For DPs of 1 < g < 4, we determined a long chain fatty acid (EPR spin-labeled stearic acid) loading capacity Φ to display an asymptotic increase with g as exp(λg), with λ = 1.27, i.e. the capacity increases nearly with the square of the exponential gdependence that is predicted from monomer mass alone (where one would expect λ  ln(2)  0.69). This dense guest molecule packing of one guest per ~1.5 nm 3 in charged PG4 + emphasizes the molecular loading capacity of these state-of-the-art polymeric host systems. [21] . Large amounts and high densities of loaded molecules in small volumes are excellent characteristics of a carrier in polymer therapeutics. We have earlier developed the concept of a two-step packing technique as part of a loadcollapse-release cascade that in principle should allow for transport of large amounts of drugs through body fluid within very small carrier volumes. [21] This idea and cascade was based on the fact that higher g DPs can be considered as molecular objects with a shape largely independent of their molecular environment. [11] Fascinated by the prospect of creating molecular objects based on even larger single molecules than g=4 DPs, we started a research program aiming at DPs with g>5. In the present study, we specifically discuss the great potential for these high g DPs in the realm of interactions with, and loading, delivery, and release of small or intermediately sized molecules. During the synthesis, problems with main chain scission were encountered [22] which required modification of the previously applied protocol. [23] As a consequence, the high g DPs PG6-PG8 could in fact be obtained but only at the price of having more defects in their branch work than their lower g analogs. A direct comparison of DPs with g=1-5 and g=6-8 has, thus, to be seen under this limitation.
In this work, we use AFM images of the deprotected and thus charged derivatives of PG6-PG8, namely PG6 + -PG8 + , to qualitatively address potential aggregation or oligomer formation of high g DPs, which may be formed as a consequence of structural imperfections of polymer backbone and dendrons [24] [25] [26] .
Furthermore, we focus on loading studies of PG6 + -PG8 + , performed with continuous wave (CW) EPR spectroscopy on nitroxide spin-labeled, polarity-sensitive fatty acid guest molecules in an aqueous environment. This method has already been used to determine the number of these guests taken-up by lower g DPs (e.g. > 2 fatty acids per repeat unit of PG4 + , see above) and thus sheds light on the aspect of dense packing in higher g congeners from a rather different vantage pointnamely from potential guest molecules' point of view -than, e.g., SEM and TEM studies can offer. [10, 12] Besides quantification of guest molecule incorporation, this method also provides information about the rotational motion of the guests and on changes in the polarity upon internalization from the aqueous phase into the DP interior. It can also allow insights into the effects of DP thickness and solvent properties.
In other words, it offers insights into the interior of DPs difficult to obtain otherwise. [19, 20, 21, [27] [28] The results will be discussed in terms of usable internal space, structural defects, and whether PG6 + -PG8 + DPs are in the vicinity of gmax.
Results

EPR studies on charged, high g dendronized polymers.
CW EPR spectroscopy and spin-labeled guests such as 4,4-dimethyl-oxazolidine-N-oxyl stearic acid (16-DSA) [20, 21] can yield three kinds of information about host systems such as PG6 + - Coulomb attraction and hydrophobic effect for an efficient uptake to occur, and, regarding (c), insights into the average polarity inside a DP in dependence of g and, thus, indirectly also into the impact of structural imperfection on the influx of water into the branches. Before entering the matter in detail it is noted that while the DP derivatives used for the EPR studies are charged rather than neutral (to ensure solubility in water), they are interesting in their own right and can nevertheless be considered useful models for neutral DPs, as has been shown for the lower generation DPs. [19, 20, 21] Figure S1 , Table 1 ), they do not follow the exponential relation exp(λg), with λ = 1.27 found for the low g PG1 + -PG4 + series. [20] The increase is clearly less Figure S1 (b) ). Table 1 . Number of n(16-DSA) per n(DPs monomers) for the corresponding spectra in Fig S1 .
Stoichiometric ratios between 16-DSA and DP RU n(16-DSA bound)/n(DP-RU) 
Microenvironment of the internalized fatty acids.
The hfc values of nitroxide radicals such as 16-DSA are an excellent measure of the local polarity as they are sensitive to even slight changes of polarity in the direct probe environment.
Hence, in the present investigation, we used the hfcs to gain information about whether the guest molecules are internalized alone or together with water. Water up-take into charged DPs has been described in MD simulations [9] and could be a factor of increasing importance with increasing structural defects. In an earlier study it was observed that for DPs up to PG4 + hfc values of 16-DSA decrease with increasing g from 1 to 4, indicating an increasingly less polar environment for the guests in the DP interior. Interestingly, in the present study the hfc value for PG6 + was found to only slightly decrease compared to the value for the 16-DSA in neat water. Additionally for PG7 + and PG8 + the values remain unchanged at this level (see Table S1 in ESI). of the host DPs becomes increasingly more polar, which in turn suggests that the structural defects enable considerable influx of water molecules. (Fig. S3) shows analogous features, though for these generations the adsorbate appears to ARTICLE be more clearly separated into a first, quite dense adlayer and a second one, consisting of loosely deposited single chains. Likely, the apparently more pronounced interpenetration of these layers for PG8 + is due to the larger corrugation of the polymer chains [23] .
It can, however, be stated that for all generations many of the DP chains are clearly isolated and only few are associated with others, mostly in a loose and irregular fashion. This suggests that duplex structures or higher aggregates are unlikely to be present in significant concentrations in the solutions used for sample preparation. for charged g=1-4 DPs, [20] apparently does not hold for g=6-8
DPs, as the data in Table 2 and Figure S1 suggest. The slope is less steep, which again is indicative of structural imperfections, making a direct comparison of the results on g=1-4 PG + s and the g=6-8 PG + s studied here impossible. For a better illustration of the number of 16-DSA molecules taken up per DP RU, Table   2 provides the mass fraction of total guest molecules per host RU. Thus, guest molecules can be loaded for up to 9% and 11% of the host mass for PG6 + and PG7 + (15% for PG4 + [20] ) and a further decreasing capacity of 7% when going from PG7 + to PG8 + . By nature of the applied method these estimates disregard eventual up-take of water, the impact that the kind of guest molecule may have and potential aspects as to where in the interior the guest molecules are located and whether this very location impacts the up-take. As a mechanism for internalization we propose that in the first step the negatively charged carboxylic acid groups electrostatically interact with the highly positively charged "surface" of the DPs, which leads to an initial immobilization. Once fixated in this way, the hydrophobic end of the 16-DSA molecule is taken up into the DP interior driven by the hydrophobic effect. The importance of the charge interaction has been supported before by use of methylated 16-DSA (thus, the corresponding ester) that was bound to much lower degrees by charged DPs. [19] From the AFM images of samples deposited from aqueous solution ( Fig. 3 and Fig. S3 ), it seems very likely that the polymers of all three DP generations are present as unimers (at least to a very large degree) and that actually binding of fatty acids to individual polymers is observed, not binding to oligomers or aggregated polymers.
The hyperfine coupling (hfc) of the immobilized spectral components is a direct marker for the immediate nitroxide environment. Remarkably, the hfc extracted from spectral simulations indicates a much more polar environment for the DPs studied here (hfcs only slightly smaller than in bulk water)
as compared to the lower generation charged DPs. The experimental facts that the number of 16-DSA per RU increases with generation, yet the relative mass (and volume) fraction of bound fatty acids decreases when going from g=4 to g=8 (see Table 1 ) and the high hfc can be reconciled assuming much more pronounced structural imperfections in the DPs so that more solvent can penetrate the charged DPs as already concluded in a previous paper [21] . One may speculate that backfolding of side chains the large dendritic RU rather than structural defects are responsible for the differences in microenvironment of 16-DSA when comparing binding to g4
DPs (no or little imperfections) and states with binding to g>6
DPs. Such a backfolding should lead to denser, polymer-rich regions in the periphery, which should in return carry less solvent molecules (water) with them. Therefore, it is more likely that water swollen regions are the reason for the above described immobilization and microenvironment, in particular at the periphery, close to the charged DP surface, where the DSA molecules are most likely to reside being electrostatically attracted to the surface. This would lead to an extreme slowdown in rotational motion while the nitroxide moieties are still exposed to large quantities of water. In consequence, even though we reach large dendron generations with the three DPs studied here that are potentially close to the theoretical gmax, due to the above described structural imperfections these DPs can still be swollen by solvent and guest molecules. 
4.Conclusions
The EPR-active spin probes used in the loading studies clearly illustrate that the interior of the charged DPs is strongly polar, especially in comparison to their lower generation analogues.
This is a direct sign of large amounts of water penetrating the DP surface, which in return mirrors the structural imperfections and much lower than theoretically achievable segmental densities of these very high generation DPs. From AFM images of the three charged high g DPs, we could furthermore show that the polymer chains are mostly present as unimers and that the EPR spectroscopic findings reflect the behavior of individual polymer chains. It seems like synthetic schemes need to be developed that avoid the relatively large amount of defects generated in the crucial step of direct conversion of PG4 to PG6.
Using simple CW EPR spectroscopy we have developed a straightforward tool to characterize the ensuing uptake and release properties and to gain insights into structural (im)perfections.
Experimental Section
Sample preparation: All samples for EPR spectroscopy were prepared as stated in Ref. [21] : the respective DP (1% wt) was 
Data analysis:
The spectra were simulated with a custom-built program in MATLAB (The MathWorks, Inc.) using the Easyspin program package for the EPR [29] . ).
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